Introduction
The mission of the United States Military Academy (USMA) has evolved since the institution's inception in 1802: 1 To educate, train, and inspire the Corps of Cadets so that each graduate is a commissioned leader of character committed to the values of Duty, Honor, Country, and prepared for a career of professional excellence and service to the Nation as an officer in the United States Army.
The Department of Civil and Mechanical Engineering is one of 11 departments at the Academy, and both the civil and mechanical engineering programs are ABET accredited. The mission of the Department of Civil and Mechanical Engineering parallels the Academy's mission, while focusing on educating and inspiring students in the fields of civil and mechanical engineering: 2 To educate cadets in civil and mechanical engineering, such that each graduate is a commissioned leader of character who can understand, implement, and manage technology; and to inspire cadets to a career in the United States Army and a lifetime of personal growth and service.
The civil engineering program established 16 student outcomes to achieve the mission and meet the ABET accreditation requirements. Among these are three which require the application of engineering within a broad context and require students to draw on knowledge of disciplines affected by and influencing engineering solutions:
11. Incorporate knowledge of contemporary issues into the solution of engineering problems. 12. Draw upon a broad education to anticipate the impact of engineering solutions in a global and societal context. 15 . Explain the basic concepts of business and public policy.
Recognizing that the Department's mission statement includes educating and inspiring, the civil engineering faculty have sought to develop their program appropriately along a set of commonly accepted educational taxonomies; that is, Bloom's Taxonomy. These widely known taxonomies are based on the seminal work of the 1950's educational committee chaired by Benjamin Bloom. The committee established a set of taxonomies in three domains of learning: cognitive, affective and psychomotor. The cognitive domain taxonomy is widely accepted in many fields and has been identified as, "arguably one of the most influential education monographs of the past half century." 3 The taxonomies are a language that describes the progressive development of an individual in each domain and are defined as follows: 4  Cognitive: of, relating to, being, or involving conscious intellectual activity.  Affective: relating to, arising from, or influencing feelings or emotions.  Psychomotor: of or relating to motor action directly proceeding from mental activity.
A set of development levels for each domain are available in the literature. [5] [6] [7] Each domain has multiple levels defined in increasing complexity which guide educators to develop a variety of educational experiences with course, lesson, and project objectives targeted at specific levels within the domains.
The authors recognized that their institutional mission statement expects both education (cognitive domain) and inspiration (affective domain) in their program with limited emphasis on the psychomotor domain. Furthermore, the authors believe that the engineering education profession is setting an expectation for student development in both of these domains. In particular this trend is evident in the American Society of Civil Engineers (ASCE) Body of Knowledge 2 (BOK2) 8 and has been studied in detail by the lead author. [9] [10] [11] [12] [13] As such, courses in the Academy's civil engineering program strive to develop their students in both domains.
The purpose of this paper is to present the structure and assessment of a learning experience in one of the core civil engineering program courses (CE400 -Professional Practice Seminar) at the United States Military Academy. The experience involves a complex civil engineering problem that encompasses a wide range of issues -technical, environmental, social, political, and economic. The senior civil engineering students are challenged to assess the problem with established infrastructure models, develop creative mitigating measures, and outline the interrelated technical and non-technical concerns. This project was developed to contribute to student achievement of the three program outcomes described above and provide an experience for students to develop higher level skills within the cognitive and affective domains. This paper details the course, the complex problem and the established infrastructure models. The paper also reviews pedagogy on teaching students to develop solutions for such problems and describes integration of these methods in the course. An assessment is presented with respect to the course scope and objectives, the program student outcomes, and department mission to educate and inspire.
Background
This section provides information about the course, motivation for presenting complex problems in engineering courses, details and contributing issues for the complex problem used in the course (the Mosul Dam), and the infrastructure model taught to our students in a previous course and used in the analysis within this course. This information is presented to understand the setting, the complex problem specifics for the learning experience, and the importance of such learning experiences.
CE400 -Civil Engineering Professional Practice Seminar
CE400 is a senior-level course in the West Point Civil Engineering program. The course scope focuses on issues related to the professional practice of civil engineering, and is intended to augment and enrich the student's civil engineering core courses. Topics include professional registration and practice, engineering ethics, contemporary issues, and fundamental concepts of business, management, and public policy. The course objectives are: a. Apply the ASCE Code of Ethics to the solution of an ethical problem confronting a practicing engineer, b. Explain the elements of project management in the military, public service, and private sectors, c. Describe the business and public policy issues for public and private practice, d. Demonstrate an appreciation of the challenges facing civil engineers in professional practice now and in the future, e. Develop short-term and long-term professional goals, to include consideration of continuing education and professional registration, f. Communicate effectively in writing.
Motivation for Complex Problems in Engineering Courses
The problems graduates will face are generally not the well formulated text book or study guide problems that help them learn the fundamentals, but complex and finely nuanced problems. These problems have multiple, conflicting stakeholders and are vague or ill-posed. Rittel and Webber (1973) described a class of policy problems as "wicked problems" based on their complexity and resistance to solution. 14 Integral to CE400 is presenting the students with realworld civil engineering problems. "Theory without practice is as lifeless as practice without theory is thoughtless." 15 It is well researched and documented that problem based learning (PBL) is well suited for engineering programs. PBL allows students to engage in complex, ill-formed, and open-ended problems which fosters flexible thinking and supports intrinsic motivation. 16 These characteristics can be further encouraged by group discussion of potential solutions, critical instructor feedback, and essential self-reflection during and following the learning event.
A. Kolb and D. Kolb define Experiential Learning Theory as the "process whereby knowledge is created through transformation of experience. Knowledge results from the combination of grasping and transforming experience." 17 As defined, students undergo experiential learning through concrete experiences (actual personal experiences) and abstract conceptualizations (simulations). Through reflection, direct observations and external feedback, the students gain a deeper understanding and, ultimately, knowledge.
Andresen et al. outline student development through experience-based learning (EBL) as follows: 18 1. Students engaged in EBL are involved through their senses, feelings, and intellect, at varying levels, 2. Students can recognize and relate lessons to personal learning experiences, 3. Students can reflect upon earlier experiences and transform them into deeper understanding.
In addition to technical competency and experience, creativity plays a central role in creating effective engineering solutions. Engineers must apply their knowledge to new problems and understand contributing factors in a design (e.g. social and economic challenges), which stretches their thinking beyond traditional technical issues that most associate with engineering practice. This requires more preparation than simply taking humanities courses; it requires opportunities for students to practice creative problem solving in engineering courses. Cropley challenges educators to connect creativity and engineering and recommends strategies to do so. Students must first become technically competent engineers but must also be encouraged to generate a variety of possible solutions to ambiguous problems. To do this, educators, course and program design should strive to include open-ended problem statements, encourage risk taking, and teach students to identify and surmount obstacles. 19 Instructors play a key role in these PBL and EBL experiences. Hmelo-Silver states that they should they be facilitators, serve as motivators, guide students through various stages of the experience, monitor the group experience, and aid in self-reflection through well-directed questioning to individual students. 16 The Mosul Dam presents a variety of technical, social, political and economic design challenges and can serve as a strong example to support exercises and design problems intended to challenge students. The multi-faceted problem of the Mosul Dam has many of the characteristics of a "wicked problem", which allows the students to be creative about formulating solution strategies that are based on sound engineering yet incorporate their knowledge of contemporary issues and societal context. Since there is no single or correct answer, students can evaluate their solutions on how well they satisfy the many competing requirements and demands. The lead authors experience in a recent deployment that involved the Mosul Dam in Iraq was the motivation for incorporating the complex real-world problem it into the CE400 course. The other authors also had experience with the Mosul Dam and an interest in integrating the challenge in CE400.
Mosul Dam -Critical Infrastructure
Water resources for Iraq depend predominately on the Tigris and Euphrates Rivers with the headwaters for both lying outside of the country. 20 Rainfall mainly occurs between December and February and has large fluctuations between years. These conditions make effective irrigation and flood control programs critical for a reliable agriculture economy in Iraq. With groundwater aquifers limited throughout the country, 94% of irrigation water is provided by surface water retained behind dams. In addition to providing irrigation water and flood control, hydroelectric dams also provide 17% of the power for Iraq. 21 The Mosul Dam is the largest dam in Iraq and its reservoir capacity of nearly 12-km 3 makes it the fourth largest in the Middle East. 22 This piece of critical infrastructure on the Tigris River is located 60-km northwest of Mosul, Iraq and roughly 80-km from Iraq's borders with Turkey and Syria. The dam, constructed in the early 1980s, provides hydroelectric power, irrigation, water supply and flood control for Mosul and much of northern Iraq and has well-known technical engineering challenges associated with solubility of the geology on which it was built. Due to these technical challenges, the dam does not provide the irrigation water and hydropower as originally intended. The regional security situation, social factors, political factors (both national and international), and economic factors further compound the issues and complicate potential courses of action to remediate the dam.
The dam, originally named the Aski-Mosul dam and subsequently referred to as the Saddam Dam, was originally designed to store 7.7-km 3 , irrigate 750,000-hectares, and provide 750-MW of power. Design and construction of the dam was a multi-national effort which began in the late 1950s and continued through the 1980s. Detailed geological investigations were conducted by French and Swiss companies, construction of the dam and surrounding facilities was the responsibility of German and Italian companies, and construction of the power station was accomplished by Japanese, Austrian, and Italian companies. The dam consists of a clay core, earth fill, and a rock face. Concrete spillways on the left abutment discharge water when the reservoir is at its maximum level of 338-m (normal operation level is 330-m and crest level is 341-m). The right abutment houses the power generation facilities. 23 The principal engineering challenge of the Mosul Dam lies in the complexity of the geology on which the dam was constructed. The dam sits on karstified gypsum and limestone beds which are water soluble. This geological condition was known before construction began and sinkholes, caves, and cracks began appearing near the dam's foundation during construction (see Figure 1) . To address this, grouting to fill the subsurface voids began during construction and has continued nearly uninterrupted for the life of the dam (see Figure 2) . Dissolution has been exacerbated by the reservoir pool and additional surface evidence has continued to appear (see Figure 3) . The presence of the reservoir increases the rate of subsurface erosion. In a detailed study of the dam in 2007, the US Army Corps of Engineers recommended maintaining the reservoir at a depth no greater than 318-m; this elevation is below the level required for irrigation operations but necessary for safety of the dam, 24 further degrading the utility of the dam by forcing hard choices between safety and functionality. All of the flow of the Euphrates River comes from outside Iraq (94% from Turkey; 6% from Syria) and about two-thirds of the flow of the Tigris River comes from outside Iraq (55% from Turkey; 12% from Iran). 26 The flow in the Euphrates River as it enters Iraq has been generally decreasing as seen in The major cities of Tikrit, Samarra, and Baghdad would also be at risk of massive flooding and bridges along the Tigris would likely be destroyed in the deluge. 30 In August 2014, the dam again appeared in the news as ISIS militants seized control of the critical piece of infrastructure. 31 Iraqi military forces, supported by US airstrikes, regained control of the dam about two weeks later an operation which highlighted political tensions between Iraqi and Kurdish leadership. 32 Although ISIS no longer controls the dam, their forces do control much of the surrounding territory, including Mosul, making warning or evacuating citizens a challenge for the Iraqi government. 30 It is not only regional politics that influence decisions made concerning the Mosul Dam; international politics also play a critical role. After control of the dam was regained, a US interagency team in cooperation with Iraqi personnel installed instruments to measure pressure on the dam and sediment in nearby water to assess the dissolution rate and structural stability of the dam. The US concern was increased because of the threat dam failure poses to US citizens living and working at the American Embassy in Baghdad, but the Obama administration ruled out supervising, funding, or securing repair efforts. In January 2016, President Obama recommended to Iraqi Prime Minister Al-Abadi that emergency repairs be made to the Mosul Dam and the Iraqi government officially warn its citizens, advise them about necessary precautions, and make evacuation plans in the event of a dam failure. The Trevi Group, an Italian company, has negotiated with the Iraqi government to make $380 million worth of repairs and the Italian Prime Minister has agreed to deploy their own military forces to provide security if the Trevi Group is awarded the contract. The Iraqi government is divided in their response to this offer of the Italian government: Iraq's ambassador to the US, Lukman Faily, has no objection to additional security forces from Italy but the head of Iraq's Ministry of Water Resources, Mohsin al-Shammari, does not want "foreign support" for security of the dam. 30 In short, the political situation surrounding the dam remains uncertain and tense and is drawing international attention at the highest levels. Despite this, a long-term plan for resolving the dam's severe safety and performance shortfalls has not yet been agreed upon.
Infrastructure Models
In the West Point Civil Engineering program, an Infrastructure Engineering Course (CE350) was added as a required course as part of a program evolution. [33] [34] [35] Of particular interest are the West Point Infrastructure Models, which were developed as theoretical and practical frameworks for understanding, visualizing and describing the infrastructure environment. These models were summarized by Hart, Klosky et al in a report to the Army 36 and are intended to support deep thinking and clear communication of complex infrastructure issues, particularly as seen from a systems point of view. As such, the models link closely with the Army's concept of describing the operational environment in terms of operational variables: political, military, economic, social, information and infrastructure (PMESII -a much-used Army acronym). 37 These models, two of which are described below, form the backbone of the CE350 Infrastructure Engineering course, which is taught to engineering and humanities majors, and provide a clear framework for discussions, exercises and design events related to the Mosul Dam project.
The first model, the Infrastructure Component Model, is used to identify all parts of an infrastructure system and is comprised of six steps/components which make up most infrastructure systems: Generation, Bulk Transmission, Distribution, User, Waste and Coordination. These are detailed in ERDC TR 14-14 36 and are generally remembered via the mnemonic Grizzly Bears Don't Use Water Closets. This method of laying out and classifying infrastructure components is applicable to many different infrastructure systems and is illustrated in Figure 5 with respect to electric and water infrastructure. Of course, as important as it is to assess the performance of an infrastructure system during normal operations, it is perhaps more important to assess performance when the system is put under stress. The Assessment Model addresses this through the three "Rainy Day" prompts, meant to generate questions related to projected performance under adverse conditions:
 Tough is focused on Generation and Bulk Transmission, although key elements of the Distribution systems may also need to be tough. These elements tend to be expensive, hard to replace, and their loss leads to broad delivery disruption. As such, they must be able to survive or quickly recover from adverse conditions and return to service rapidly.  Redundant maps well to the Bulk Transmission and Distribution elements of the Component Model, although additional Generation capacity may also be desirable. Transmission and distribution systems are typically spread over great distances and, while these systems are designed to withstand normal circumstances, their size makes it cost prohibitive to harden them against extreme events. Therefore, they either must possess sufficient redundancy to continue functioning with the loss of elements or be rapidly repairable.  Prepared applies across an entire infrastructure system, focusing especially on the User to determine if the User is or can be prepared to survive a disruption in the service provided by the infrastructure.
Infrastructure systems and components serve a societal need. When infrastructure fails, the need does not disappear. Users who are not prepared for adverse events make significant demands on governmental and societal systems that are also in distress, thus compounding problems for all. Preparation, when supported by Toughness and Redundancy, can reduce the overall impact of an adverse event and speed the restoration to normalcy. Detailed examination of critical infrastructure in the context of these three "Rainy Day" questions can lead to in-depth discussions of ethics, needs balancing, stakeholder analysis, social justice, politics and economics. This demonstrates the deep roots of infrastructure in society and the role of engineers as important partners in endeavoring to articulate the future within vital and complex sociopolitical situations.
The structure of the learning exercise in CE400 focused on the Mosul Dam problem, use of the CE350 Infrastructure models, and assessment of the impact on various metrics is described in the following sections.
Course Application and Execution
The learning exercise consists of three components: (1) preparation, (2) classroom experience, and (3) a written assignment. Students are required to prepare for class by reading background information on wicked problems and the Mosul Dam, and reviewing the infrastructure models from CE350. The classroom experience begins with a quiz to confirm student preparation before additional background information is presented on wicked problems and the Mosul Dam. The focus of the classroom experience is the in-depth discussions of the CE350 infrastructure models as applied to the Mosul Dam; this discussion comprises the majority of the time in class. The culminating component, prepared outside of class, is an individual written assignment that requires students summarize the Mosul Dam problem and the associated challenges, and making recommendations for US policy with respect to the dam. Details of these three components are provided in the Appendix.
Assessment
Several assessments were conducted on the Mosul Dam learning experience with respect to different metrics: course objectives, student outcomes, and department mission. There was a direct relationship between the CE400 course objectives and the ABET Civil Engineering Student Outcomes. The course objectives supported by the Mosul Dam learning experience were c and d:
c. Describe the business and public policy issues for public and private practice, d. Demonstrate an appreciation of the challenges facing civil engineers in professional practice now and in the future,
The ABET Civil Engineering Student Outcomes supported by the Mosul Dam learning experience were 11, 12, and 15:
11. Incorporate knowledge of contemporary issues into the solution of engineering problems. 12. Draw upon a broad education to anticipate the impact of engineering solutions in a global and societal context. 15. Explain the basic concepts of business and public policy.
The wording of course objective c clearly links it to outcome 15. Likewise, the wording of course objective d is linked to outcomes 11 and 12. As such, an assessment of the Mosul Dam learning experience was done with respect to the student outcomes because there were three student outcomes, providing greater fidelity than, but still linked to, the two course objectives.
The quiz was used to assess the student outcomes as follows:
 Question b, "…list three issues associated with the Mosul Dam that makes it a wicked problem." Each of the 36 students listed three issues for a total of 108 issues. Reviewing the 108 submitted answers to this question, a key word search was conducted to identify the percentage of students who addressed contemporary issues (outcome 11), global or societal issues (outcome 12), or policy issues (outcome 13). The results are shown in Table 2 :  Questions c and d addressed the student's review of the CE350 Infrastructure Models. Performance on these questions were related to the broad education in outcome 12. The results are shown in Table 3 : The culminating written paper was used to assess outcome 15 because the recommendation for US Policy was linked to this outcome. The average student score was 94.8% (n = 36).
A student survey, administered on the last lesson in CE400, included the following questions with the average results in brackets for each question:
The From the survey, questions a thru c align directly with the three student outcomes. Questions d and e are intended to assess their inspiration to tackle wicked engineering problems, which is meant to be assessed with respect to the Department's mission to educate and inspire. Based on the results, the Mosul Dam learning experience had the desired result: the students engaged a challenging engineering problem which was influenced by a variety of non-technical issues and were confident with their abilities to do so for future problems they will likely face.
Conclusion
This paper presented the structure and assessment of a learning experience in one of the core civil engineering program courses (CE400 -Professional Practice Seminar) based on the Mosul Dam in Iraq -a wicked engineering problem. The learning experience was assessed with respect to the civil engineering student outcomes, course objectives and the department mission to educate and inspire. The authors hope that the material presented may be of use for other programs interested in developing and including open-ended wicked engineering problems in their curriculum.
Appendix: Instructional Content
Warning Order for Quiz-provided to the students the lesson prior ii. In the United States, high and significant hazard dams are required to have an emergency action plan that has steps to evaluate, issue alerts, issue warnings, issue evacuation orders and conduct emergency repairs. iii. Because the timeframe between identifying a potential dam breach situation to a full breach of the dam can be a matter of hours, the coordination component is critical to provide local authorities the maximum notification time to evacuate personnel from the hazard area and protect key infrastructure. iv. In the case of the Mosul dam, the security situation and local government capability both severely hamper the coordination function. Infrastructure Models, groups of three students each are challenged to begin addressing potential recommendations to mitigate risks and challenges. These discussions are meant to help prepare the students for the culminating written requirement.
Written Requirement Students are required to submit an information paper that is 600-800 words in length. 
